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Synthesis of Boron Nitride Nanotubes for Engineering Applications 
Janet Hurst^ 

Boron Nitride nanotubes (BNNT) are of interest to the scientific and 
technical communities for many of the same reasons that carbon 
nanotubes (CNT) have attracted large amounts of attention. Both 
materials have potentially unique and significant properties which 
may have important structural and electronic applications in the 
future. However of even more interest than their similarities may be 
the differences between carbon and boron nanotubes. While boron 
nitride nanotubes possess a very high modulus similar to CNT, they 
are also more chemically and thermally inert. Additionally BNNT 
possess more uniform electronic properties, having a uniform band 
gap of ~ 5.5 eV while CNT vary from semi-conducting to conductor 
behavior. 

Boron Nitride nanotubes have been synthesized by a variety of 
methods such as chemical vapor deposition, arc discharge and 
reactive milling. Consistently producing a reliable product has proven 
difficult. Progress in synthesis of 1-2 gram sized batches of Boron 
Nitride nanotubes will be discussed as well as potential uses for this 
unique material. 



SYNTHESIS OF BORON NITRIDE NANOTUBES FOR 
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Glenn Research Center at Lewis Field 


NASA’s Long Term Nanotube Interests 
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NASA GRC Ceramic Branch Objective 
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Current effort is divided into - 
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Why BN Nanotubes? 

Forms graphene sheets - similar to carbon 

Excellent mechanical properties, light and flexible, nearly as 

strong as CNT (Zhang and Crespi, PRB 2000) - modulus 
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(NEMS), field effect devices and emitters 
Hydrogen storage - bamboo structure can theoretically store up 
to 18 w/0 - fuel cell applications 



BN preferentially forms Zigzag NT 



NASA Rapid Processing Method 
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Description - A Boron containing material mixed with catalysts is heated 
under a flowing nitrogen/ammonia gas mixture to 1350C. 
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Examples of less typical structures synthesized at processing extremes, 
a) Adjacent extremes in size, b) open ended nanopods 
c) fine BNNT nucleated on larger tubes 




TEM photos of typical straight walled BNNT 
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TEM photos of typical bamboo BNNT 



Glenn Research Center at Lewis Field 


Regions of predominately bamboo nanotubes structures 
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Growth Tip of Bamboo Nanotube 



BN Nanotubes Provide Far Greater Temperature 
Stability Relative to Carbon Nanotubes 
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BN Nanotubes Retain Structure Following Heating to 1000C in Air 
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NASA Rapid Processing Method for BN Nanotube Synthesis on 

Substrates 

Reduced processing times from one batch per month to one batch daily 
Improved reproducibility found for BN nanotube batches 



•BN nanotubes shown above were synthesized in-situ on the surface of a SiC 
fiber within a fiber preform (preform is composed of Sylramic fiber). 
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BN Prototype Capacitors 
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Future Work 



(0 

TO 

TO 

(0 

TO 

O 

TO 








Glenn Research Center at Lewis Field 


This work was sponsored by the Alternate Fuel Foundation 


<B 

© 

m 

© 

g & 
o c 
c 
0) 


(0 

(/> 

> H 

E 

UJ 

5 

o 


o 

< 

(0 

< 


© <D 


(B 


o .22, 
'o' 2 
a fa- 
’s °- 
w < 

^ LU 


u. 

LL 


0 


5- 5 
w P 

© Q. 

5) g 
o > 

O © sj 

EC© 

© ji5 c 
© — o 
h- < O 



Glenn Research Center at Lewis Field 



1. Chopra et al., Science 269 (1995) 966. 



h- 

co 

I 

CO 

CO 


co 

■ 


o 
o 
o 

CM CD CD 
^ CD 
CO CO 
t- 

°? CO 
CO o 
CO 
CO T- 


o 

o 

CM 


£ 

3 

o 

LL 


CM 

O 

O 

CM 


0 I s - 
O t- 

c 

0 0 
o © 
CO CZ 


I s - 

co 

CO 

0 

0 
-t-J 
- i — ' 

0 


0 

O 

'0 

>> 


_0 

*L_ 

0 

+-> 

0 


^ Q_ 
0 _ 


0 


0 

O 


■3 0 

— „ JZ 

— — O 
0 0 . 

0 0 0 

c c 
0 0 „ 
-C .£= 0 

O O ^ 

CM CO ^ 


Glenn Research Center at Lewis Field 


